California produces more than 99% of the dried figs (Ficus carica L.) grown in the United States, and more than twothirds of the figs consumed in the United States (1) . Figs can be very susceptible to fungal decay in the internal cavity of the fruit because of a natural opening in the fig fruit, the ostiole (13) . Unfortunately, the most popular dried fig cultivar in California, Calimyrna (45% of the hectarage; 1), has a very large ostiole and is highly susceptible to fungal decay (20, 24) . The cultivar Conadria (25% of the hectarage) has a smaller ostiole but can still have a problem with fungal decay, whereas the cultivar Black Mission (20% of the hectarage) has a very small ostiole and rarely has fungal decay (20, 24) .
Although many different Aspergillus spp. decay figs in California (10) , there is special concern for decay by the aflatoxinproducing A. flavus Link:Fr. and A. parasiticus Speare. Aflatoxins, which are potent toxins and carcinogens, are regulated by most governments (33) (10) . Nevertheless, the amount of aflatoxin present in individual dried figs decayed by A. flavus and A. parasiticus can be very high (>10,000 ng aflatoxins per g fruit; 10). Furthermore, the maximum tolerated level for aflatoxins in foodstuffs set by governments is usually very low, typically less than 25 ng/g (33) .
In the early 1950s, a bright greenish yellow fluorescence (BGYF) in raw cotton was discovered to be associated with infections of A. flavus (4) . This finding became more important after A. flavus was found to also produce aflatoxins. As expected, BGYF was associated with aflatoxin contamination of cotton seed (2) . Extensive research followed, resulting in BGYF being associated with A. flavus infections in corn (28) and in other plants (19) . Several uses for BGYF have been developed, including as a presumptive test for aflatoxins (29) , in identifying susceptible cultivars in breeding programs (26) , and in the removal of aflatoxin-contaminated crops (3) .
BGYF was associated with aflatoxin contamination in dried figs from Turkey (30) . The cultural practices and climate in California, however, are very distinct from those in the dried fig-growing region near Izmir in Turkey, so research results for Turkish figs may not apply to California figs. The general aim of the present study was to determine the feasibility of using BGYF to remove aflatoxin-contaminated figs in California. The specific objectives of our study were to determine (i) the incidence and location of BGYF, (ii) the fungi associated with BGYF, (iii) the relationship between the fluorescence of individual figs and aflatoxin contamination, and (iv) why some figs infected with aflatoxinproducing fungi are not BGYF.
MATERIALS AND METHODS
General methods.
Figs were cut open and examined for the presence of BGYF by placing them under the transmitted light of two 15-W longwave UV lamps (365 nm) in a viewing cabinet that operates as a light-tight darkroom (Chromato-Vue C-70G UV Viewing System, Ultra-Violet Products, Inc., San Gabriel, CA). In addition, all figs were evaluated for fungal decay by examining the interior and exterior of the fig with a dissecting microscope (10×) for the presence of fungal sporulation (except figs from orchard A in 1994, which were only examined with the microscope if a fungal colony was visible to the naked eye or if the fig was BGYF). All Aspergillus fungi from the figs were isolated into culture and identified to species using a taxonomic key and species descriptions (16) . In addition, two strains of A. flavus were distinguished according to the size and abundance of sclerotia produced (7). Isolates were stored on silica gel at 6°C for future use (32 sure liquid chromatography (HPLC) with a C 18 reversed-phase column and fluorescence detector after derivation with trifluoroacetic acid (9) . Some figs were analyzed for aflatoxins by the DFA of California in Fresno, California using a second method, which used immunoaffinity columns (Vicam, Inc., Watertown, MA) for cleanup and quantified aflatoxins HPLC with post-column derivation and fluorescence detection (AOAC Method No. 991.31; 21). For both methods, the detection limit was less than 1 ng/g.
Collection of naturally infected figs from commercial orchards. Dried figs were collected from the ground during harvests in commercial orchards in Fresno, Madera, and Merced counties. In general, figs were collected during several harvests between mid-August and early October. The number of Calimyrna figs examined for fungal decay and BGYF was 2,000 from each of eight orchards in 1993; 40,082 and 12,600 from orchards A and B, respectively, in 1994; 34,586 from orchard B in 1995; and 23,197 and 500 from orchard B and a third orchard, respectively, in 1996. The number of Conadria figs evaluated was 3,000 for each of three orchards in 1994 and 1,000 for each of two orchards in 1996.
Factors associated with production of BGYF. To investigate which fungal strains can produce BGYF, developing figs on trees in a research orchard were inoculated with isolates in Aspergillus section Flavi. On 11 August 1995, all figs on two shoots (2 to 12 usable figs per shoot) for each of 13 isolates were inoculated by placing 0.02 ml of spore suspension (10 7 spores/ml) in the ostiole. Six of these isolates were previously isolated from naturally infected figs showing no BGYF, three isolates were from figs showing BGYF, and four isolates were from substrates other than figs. On 8 September, all figs were removed and examined for signs of fungal infection and for BGYF. Isolations were made from the collected figs to verify that the same fungus was present as inoculated. Similarly, on 19 August 1996, all figs on five shoots for each of six isolates (three isolates originally from figs showing BGYF and three from nonfluorescent figs) were inoculated with a 0.02-ml spore suspension (>10 7 spores/ml), and on 11 September all figs were removed and evaluated. Prior to and after inoculation, all shoots were covered with cotton organdy bags to keep out insects and to prevent figs from falling to the ground. In addition, on 21 August 1997, developing Calimyrna figs were collected from a commercial orchard, inoculated with silica gel crystals containing conidia of the same 13 isolates used in 1995 (24 figs per isolate), and incubated at 30°C for 5 days followed by drying in the sun.
The effects of other factors, such as size of fungal colony and presence of other fungi, on BGYF were determined. For the figs collected from orchard B in 1995 and 1996, the diameter of colonies for fungi in Aspergillus section Flavi was measured. Other fungi present in these figs were identified as belonging to Aspergillus section Nigri, Fusarium spp., or dematiaceous fungi based on colony characteristics as seen with a dissecting microscope (10×). Colonies of Aspergillus section Nigri and dematiaceous fungi were periodically isolated into pure culture to verify identifications.
Data analysis. In general, statistical analysis of data was descriptive. Analysis of variance was used with least significant difference (LSD) for separation of means. For counts, Fisher's exact test was used (11) . All analyses were done with SAS (release 6.11, SAS Institute Inc., Cary, NC). Table 2) .
RESULTS

General characteristics of BGYF in
Aflatoxin contamination was associated with BGYF in California figs, but the relationship was complicated (Table 3 ). Some figs infected with A. flavus or A. parasiticus but showing no BGYF were contaminated with aflatoxin (Table 3) . Conversely, some figs showing BGYF and infected with A. flavus or A. tamarii were not contaminated with aflatoxins (Table 3) .
Factors associated with production of BGYF. For all fungal isolates tested, almost all infected figs showed BGYF, even if the isolate was obtained from nonfluorescent figs ( ( Table 2 ). The association of BGYF with A. flavus has been previously reported for figs (30) , corn (28) , cotton (4) , and other crops (19) . Two morphologically and physiologically distinct strains of A. flavus, the L and the S strain, are found in cotton fields (7) and in California fig orchards (10) . Distinguishing these two strains is important, because they differ in their aflatoxin production. The L strain is inconsistent and variable in aflatoxin production, with many isolates producing no aflatoxins, whereas the S strain is consistently associated with high aflatoxin production (7, 10) . Both strains are associated with BGYF in cotton (7) and in figs ( Table 2 ). In addition, A. parasiticus was also associated with BGYF in Turkish (30) and California figs (Table 2) . A third species in Aspergillus section Flavi, A. nomius, also produces aflatoxins (17) . A. nomius did produce BGYF in inoculated figs (Table  4) , although this species has never been found to decay figs in commercial orchards.
This is the first report of BGYF for crops naturally infected with A. tamarii and A. alliaceus ( (30) . Likewise, small amounts of aflatoxins were present in some nonfluorescent cotton seed samples (3), and nonfluorescent corn kernels infected with A. flavus can be contaminated with aflatoxins (12) .
BGYF in cotton results when A. flavus produces kojic acid, which is then converted to the fluorescent compound by peroxidase in the plant (19 (Tables 1 and 2 ). Fungi isolated from nonfluorescent figs did produce BGYF when inoculated in other figs and, for all six isolates tested in 1996, some infected figs did not show BGYF (Table  4) . Thus, some factor other than the fungal strain is involved with these nonfluorescent infected figs. Exposure to sunlight decreases the intensity of BGYF (18, 30) , although that should have little effect on the internal BGYF so common in California figs infected with Aspergillus section Flavi. Although many of the nonfluorescent figs had small fungal colonies, some figs with large colonies still were not fluorescent (Table 5) . Finally, the absence of plant peroxidases (19) and fungal peroxidases (34) may explain some of the nonfluorescent infected figs.
BGYF is used commercially in Turkey to remove aflatoxin-contaminated figs (22, 27) . In California, however, BGYF will probably not be used for the removal of contaminated product figs or as a presumptive test for aflatoxin in figs because of the high percentage of contaminated figs only having internal fluorescence, especially among the product figs (Table 1) . Nevertheless, BGYF might be useful for decreasing aflatoxin contamination during the manufacturing of fig paste (because figs are cut in quarters during processing) or other specific situations.
